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Abstract: The thermal behaviors of aerostatic spindles are significantly affected by the 
multi-physics coupling phenomenon between the air film, the solid structure and the 
temperature field of the spindle system. In this study, a novel simulation modeling 
method is proposed to investigate the multi-physics coupling phenomenon of the 
aerostatic spindle system, by which the elastic deformation and the thermal deformation 
of solid part can be considered simultaneously to predict the thermal behavior of the 
aerostatic spindle. Besides, the variation in the performance of air bearing and the 
gravitational eccentricity of the shaft during the temperature rise process are also 
obtained, which provides an insight into the multi-physics coupling phenomenon of the 
aerostatic spindle. Finally, the temperature rise process of the aerostatic spindle system 
is measured to validate the proposed model.  
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1. Introduction 
The thermal error of precision and ultra-precision machine tools, caused by the heat 
generated from both internal and external heat sources, decreases the form accuracy of 
workpiece significantly[1]. It is reported that thermal error can contribute over 50% of 
overall error of machined surface[2 ]. To eliminate its negative impact on machining 
accuracy, numerous researches have been conducted on the thermal behavior of 
machine tools, the methods for thermal error prediction and compensation [3 -6 ], and 
some efforts also have been made to reduce the thermal error and warm-up time by 
optimizing the structure of machine tools[7,8].  
As an internal heat source, the thermal behaviors of spindles and guideways have 
dramatic impact on the machining accuracy[9 ]. Hence, many researches have been 
carried out to investigate their thermal performance [10 ,11 ]. Currently, aerostatic and 
hydrostatic bearings have been widely adopted in precision and ultra-precision machine 
tools for their distinct merits of negligible friction and excellent moving accuracy [12,13]. 
Compared with conventional spindles and guideways supported by rolling bearings, 
several thin air or oil films with thickness at micrometer level are employed to separate 
the bearing surfaces, and the gravities of moving parts and external loads are balanced 
by the fluid pressure of air or oil films, which provides a contactless way for supporting 
moving parts. Consequently, their thermal behavior under working condition is quite 
different with conventional spindles and guideways due to the multi-physics coupling 
phenomenon between heat field, fluid field and solid structure, which has attracted 
increasingly attentions [14,15]. 
Su et al. [16 ] investigated the multi-physics coupling phenomenon of a hydrostatic 
spindle system using a heat-fluid-solid coupling simulation model, by which the 
coupling effects among the thermal deformation of solid parts, the time-varying 
temperature field of spindle system and the fluid pressure of oil film can be considered 
to predict the thermal behavior of hydrostatic spindle system. Experiments results 
indicated that the proposed model have higher accuracy for predicting the temperature 
rise process comparing with the model without considering multi-physics coupling 
effect. Liu et al. [17] studied the thermal characteristics of a hydrostatic guideway with 
consideration of the multi-physics coupling effect among the temperature rise caused 
by oil film, the thermal deformation of solid parts and its impact on load capacity of oil 
film, which provides theoretical guidance for reducing the thermal error. Gao et al.[18] 
established a multi-physics integrated model for analyzing the thermal behavior of a 
high-speed air-spindle. The interactions between structural thermal deformation, 
temperature distribution, and electromagnetic field were studied with considering the 
influence of cooling system of spindle. However, in above studies, only the thermal 
deformation is considered, while the elastic deformation induced by fluid pressure are 
not taken into account.  
Gao et al. [19,20] investigated the structural deformation caused by fluid film force of an 
aerostatic spindle and a hydrostatic guideway. It indicted that the elastic deformation of 
thrust under the act of fluid pressure can reach to several micrometers. According to the 
research conducted by Lu et al. [21-23], the static performance of aerostatic bearing varies 
with varying structural dimensions considering this kind of elastic deformation induced 
by air film force. Deng et al. [24] experimentally investigated the elastic deformation of 
an aerostatic spindle under the varying pressure of air source. They found that, when 
the fluctuation of air supply pressure is considered, the axial position of cutting tool 
various due to the dynamic balance between the air film forces and gravity.  
The above review indicates that both the elastic deformation induced by fluid pressure 
and the thermal deformation caused by temperature rise have significant influence on 
the actual performance of aerostatic and hydrostatic spindles and guideways system. To 
predict their thermal behavior accurately, it is therefore required to have a 
comprehensive understanding on their thermal behavior with consideration of thermal 
and elastic deformations simultaneously.  
In this paper, the thermal behavior of an air spindle system is theoretically analyzed and 
experimentally investigated. Firstly, by combining the advantages of finite volume 
method (FVM) and finite element method (FEM), a comprehensive multi-physics 
coupling modeling method is proposed. Then, the structure deformation, thermal 
deformation and the gravitational acceleration can be taken into consideration 
simultaneously to predict the thermal behavior of aerostatic spindle system. Besides, 
the time-varying performance of air bearing and the gravitational eccentricity of shaft 
during the temperature rise process can also be obtained, which provides insight for the 
multi-physics coupling phenomenon of aerostatic spindle. Finally, the simulation 
results are verified by testing the time-varying temperature of aerostatic spindle system. 
2. Configuration of an aerostatic spindle system 
Figure 1 shows the configuration of a self-developed aerostatic spindle system used in 
an ultra-precision flycutting machine tool. It mainly consists of a permanent magnet 
synchronous motor and an aerostatic spindle. The rotor of motor is connect to upper 
thrust plate via motor shaft. The shaft is connect to two thrust plates with bolts. The 
aerostatic bearings of aerostatic spindle consist of a radial bearing and two thrust 
bearings. In working condition, three thin air films are formed in the clearance of 
between shaft, sleeve and thrust plates. With the support of air film forces, the thrust 
plates and shaft are separated from shaft sleeve, and the rotating parts of aerostatic 
spindle system can rotate with almost no friction. 
 
Figure 1. Configuration of an aerostatic spindle system 
As the spindle is driven by the motor, so the motor is one of the main internal heat 
sources of the spindle system. Besides, when the aerostatic spindle is working, the 
maximum rotational speed of spindle could be up to 3000 rpm. Therefore, the viscous 
power dissipation of air films is another internal heat source of spindle system. During 
the temperature-rising process of aerostatic spindle system, the heat generated by 
these two internal heat sources transfers inside the spindle system via heat conduction, 
which could result in temperature rise of the whole system. Besides, along with the 
temperature increase of spindle system, the convective heat transfer between the 
ambient air and spindle system carries heat away to surrounding atmosphere. Finally, 
when thermal equilibrium is reached, an inhomogeneous temperature field of spindle 
system is acquired. 
Meanwhile, the temperature rise is accompanied by thermal deformation. The 
inhomogeneous temperature field of aerostatic spindle system will lead to 
uncoordinated deformation of each individual parts. Hence, the actual clearance for 
accommodating the pressurized air will be changed due to the uncoordinated 
deformation of sleeve, shaft, and thrust plates, which consequently changes the load 
capacity and stiffness of air bearing. Moreover, considering the elastic deformation of 
solid parts induced by air film force, and the balance between the gravity of rotating 
parts and the air film force, the axial position of shaft also varies with the temperature 
rise. The above mentioned conditions involves the interaction between multi-physics 
fields including temperature field, the fluid field of air film and the deformation of solid 
parts. To predicate the thermal behavior of the aerostatic spindle accurately, all these 
conditions should be taken into account in modeling. Therefore, a comprehensive multi-
physics coupling modeling method of aerostatic spindle system is proposed in the 
following section. 
3. The multi-physics coupling modeling of aerostatic spindle system 
3.1 The mathematical model of multi-physics coupling modeling 
According to the above analysis, the actual air film thickness is determined by the 
elastic deformation, thermal deformation and gravitational eccentricity. Hence, the 
actual air film thickness can be acquired by Eq.(1). 
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Where hi is the air film thickness when t=ti, h0 is the initial air film thickness, ∆hd is the 
change of air film thickness induced by elastic deformation of solid parts, ∆he is the 
change of air film thickness due to the self-weight of rotating parts, ∆ht is the change 
of air film thickness caused by thermal deformation of solid parts. ∆hd, ∆he and ∆ht can 
be acquired by solving the thermoelastic motion equations of solid structure based on 
FEM as shown in Eq.(2).[25] 
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[M], [C] and [K] represent the mass matrix, structural damping matrix and stiffness 
matrix, respectively, and {u} is the displacement vector. {F} represents the sum of the 
force vectors, {Q} represents the sum of the heat generation load and convection 
surface heat flow vectors. [Ctu] is the thermoelastic damping matrix, [Ct] is the specific 
heat matrix. [Kt] is the thermal conductivity matrix, [Kut] is the thermoelastic stiffness 
matrix. [T] is the temperature vector. 
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The air film force applied on solid parts can be acquired by calculating the governing 
equations of fluid domain based on FVM, as shown in Eq.(3)-(4). The heat generation 
of motor, the fluid-structure conjugate heat transfer, and convection heat transfer of 
aerostatic spindle can be simulated by the energy equation, as shown in Eq.(5).[26 ] 
Where ρ indicates the density, ?⃑? is the velocity vector. p indicates the pressure. k is the 
conductivity. T is the temperature. 𝜏̿ is the stress tensor. E is the energy content per 
unit mass. The term Sh is the volumetric heat source, such as the energy caused by iron 
loss of the motor. The term ∇ ∙ (𝜏̿ ∙ ?⃑?) is the energy caused by the viscous dissipation 
of air film. The term ∇ ∙ (𝑘∇𝑇) represents the heat transfers among the solid parts, 
fluid domain of air film and ambient air due to thermal conduction and thermal 
convection. Therefore, Eq.(1)-(5) are the mathematical model of FSTI modeling. 
3.2 A multi-physics coupling modeling method of aerostatic spindle system 
To solve the Eq.(1)-(5), a comprehensive multi-physics coupling modeling method is 
proposed by combining the FEM and FVM. Figure 2 demonstrates the schema of the 
proposed modeling method. Its basic idea is analyzing the fluid domain, structure 
domain, and temperature distribution of aerostatic spindle system separately. Then, the 
coupling between different fields is accomplished by transferring the simulation results 
to other fields according to predefined coupling analysis flow.  
As shown in Figure 2, it mainly consist of three modules, structural analysis, fluid 
analysis and thermal analysis. The main function of structural analysis module is to 
calculate the elastic deformation and thermal deformation based on FEM, and transfer 
the structural deformation to fluid analysis modules. The purpose of fluid analysis 
module is to calculate the air film forces of air bearings and the conjugate heat transfer 
inside the aerostatic spindle system based on FVM. The thermal analysis module 
transfers the temperature load acquired by conjugate heat transfer analysis to the FEM 
model of aerostatic spindle system to calculate the structural deformation. Apparently, 
these three modules are not fully independent. 
 Figure 2. Schematic of the multi-physics coupling modeling method 
Figure 3 illustrates the coupling calculation process of proposed multi-physics coupling 
modeling method. Firstly, transient thermal analysis is carried out to simulate the 
temperature rising process of aerostatic spindle. It is controlled by time-step size ∆T 
and end time Tm. In this paper, the time-step size ∆T=10s, and the end time Tm=18000s. 
When the end time Tm is reached, the transient thermal analysis is finished. The 
temperature distribution of aerostatic spindle system can be acquired, which then is 
transferred to the FEM model of spindle system as temperature load.  
After the temperature distribution of aerostatic spindle system is obtained, the coupling 
calculation of transient fluid analysis and transient structure analysis is implemented 
with time-step size ∆t=10-4s and end time tn =0.03s. Transient CFD analysis is first 
carried out to acquire the pressure distribution of air films. Then, the transient CFD 
program is suspended, and the pressure distribution of air films is transferred to the 
FEM model of spindle as pressure load, and the transient structural analysis is activated 
subsequently. Thirdly, under the temperature load and pressure load, transient structural 
analysis is implemented, and the total deformation of aerostatic spindle can be acquired 
in this step. Next, the transient FEM program is paused, and the computational mesh of 
air film is updated according to the structural deformation based on the dynamic mesh 
technology. Up to this point, the calculation process of one iteration is finished. After 
then, a new iteration is started by activating the transient CFD program, and the 
transient CFD calculation is implemented with updated computational mesh. The 
iterations are looped repeatedly until the specified end time tn =0.03s is reached, the 
termination condition is satisfied and the whole program is finished. 
 
Figure 3. Flowchart of the coupling calculation process 
According to the above proposed multi-physics coupling modeling method, the 
simulation model of aerostatic spindle system is built. Firstly, in order to reduce the 
modeling difficulty, the three dimensional model of aerostatic spindle is simplified by 
ignoring the screw holes and chamfers in modeling. Besides, to save calculation time, 
only a basic sector which represents one sixth of aerostatic spindle system is built due 
to the aerostatic spindle system is cyclically symmetric, and the periodic boundary 
conditions are adopted. Moreover, the internal air of aerostatic spindle system, 
including the air inside shaft, motor shaft, and motor et al. is also considered in 
modeling. Figure 4 shows the computational mesh of aerostatic spindle system. The 
total mesh number of the computational mesh reaches 1,825,000.  
 
Figure 4. The computational mesh of the FSTI model of aerostatic spindle system 
4. Thermal boundary conditions analysis 
For the aerostatic spindle system in this study, its heat source mainly consists of the 
stator of motor and the viscous power dissipation of air films. In the simulation of 
proposed FSTI model, the heat generation of motor is simulated by regarding the stator 
iron core and coil winding as a heat source with constant heat generation rate. The 
viscous heat generation of air film is directly simulated by solving the Eq.(5). Besides, 
the heat transferred from spindle to the ambient air is simulated by convection heat 
transfer coefficients. 
4.1 Heat source of motor 
The motor adopted in the studied aerostatic spindle is a permanent magnet synchronous 
motor. The eddy current loss of rotor can be ignored due to the magnetic field of rotor 
is almost constant. Besides, when the motor is in no-load condition, the current of coil 
winding is small enough to ignore its copper loss. Hence, the main heat source of the 
motor is the iron loss of stator. The power of iron loss can be calculated by Eq.(6).[27] 
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Where Piron is the power of iron loss. Ka is the correction coefficient. P1.0/50 is the power 
of iron loss per unit weight with f=50Hz and Bmax=1.0T. B is the air gap flux density. f 
is the alternative frequency, which is calculated by Eq.(7). ω is the rotational speed of 
motor. p is the pole numbers of motor. G is the weight of stator iron core. The values of 
above parameters are listed in Table 1. 
Table 1. The values of the motor parameters 
Ka P1.0/50/(W/kg) B/(T) ω/(rpm) p G/(kg) 
1.5 1.415 0.8 2000 10 1.3 
4.2 Heat source of air film 
When the aerostatic spindle is working, the air film is a heat source because the 
mechanical energy is converted into heat due to the viscous dissipation of air film. The 
power loss of air film can be calculated by Eq.(8). [28] 
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where τij represents the components of stress tensor 𝜏̿ . u, v and w are the velocity 
components in x, y and z direction, respectively. dx, dy and dz are the length of control 
volume in x, y and z direction, respectively. As the velocity gradient of control volume 
depends on its location. Therefore, the power loss of control volume varies with its 
position. It means that simplifying the heat source of air film as constant values is 
unreasonable. In the simulation of this study, the heat generation process of each control 
volume is calculated by Eq.(5), which improves the accuracy of simulation results. 
4.3 Convection heat transfer coefficients 
In working condition of aerostatic spindle, once the temperature of aerostatic spindle 
system is higher than that of ambient air, heat convection will occurs, and heat energy 
transfers from the aerostatic spindle system to the surrounding air through its external 
surfaces. To calculate the convection heat transfer coefficient, the heat transfer type 
should be determined first. There are two types of heat transfer regimes: natural 
convection and forced convection. The convection heat transfer type can be determined 
by two dimensionless numbers: the Grashof number Gr and Reynolds number Re. If 
Gr/Re2 >> 1, natural convection takes dominant position, whereas if Gr/Re2 << 1, forced 
convection is predominant. The Grashof number Gr and Reynolds number Re are 
defined by Eq.(9) and Eq.(10), respectively.[29] 
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where g is the gravitational acceleration. β is the volumetric thermal expansion 
coefficient. ∆T is the temperature difference between the surface and the surrounding 
air. ν is the kinematic viscosity of air. L is the characteristic length. R is the rotation 
radius. ω is the rotation speed. μ is the dynamic viscosity. According to Eq.(9)-(10), the 
heat transfer type of each external surfaces can be determined. Then, the convection 
heat transfer coefficient can be calculated by Eq.(11). 
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where λ is the heat conductivity of air, Nu is the Nusselt number. For the natural 
convection, the Nusselt number is calculated by Eq.(12). [30] 
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where Pr is the Prandtl constant. For the forced convection, the Nusselt number is 
calculated by Eq.(13).[31-32] 
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Then, the convection heat transfer coefficients of each external surfaces can be acquired, 
as listed in Table 2. The location of each surfaces is demonstrated in Figure 5. 
 Figure 5. The numbering of external surfaces 
Table 2. Convection heat transfer coefficients of external surfaces 
Surface Type l/(m) Pr or Re Gr Nu h/(W/m2‧k) 
S1 Natural 0.174 0.703 3819582 23.9 3.56 
S2 Natural 0.02 0.703 5800 4.3 5.57 
S3 Natural 0.015 0.703 2447 3.8 6.56 
S4 Natural 0.063 0.703 1812967 11.1 4.56 
S5 Natural 0.049 0.703 85301 8.5 4.47 
S6 Natural 0.02 0.703 5800 4.7 6.11 
S7 Natural 0.049 0.703 85301 8.5 4.47 
S8 Natural 0.022 0.703 7720 5.1 5.96 
S9 Natural 0.023 0.703 8822 4.8 5.40 
S10 Forced 0.13 117821 1592935 123.6 24.62 
S11 Forced 0.033 29908 26056 62.3 48.9 
S12 Natural 0.01 0.703 725 2.8 7.26 
S13 Natural 0.008 0.703 371 2.3 7.68 
S14 Forced 0.05 17429 90631 47.5 24.62 
S15 Forced 0.008 2789 371 19.0 61.5 
S16 Natural 0.025 0.703 11329 5.1 5.28 
S17 Natural 0.021 0.703 6715 4.5 5.52 
5. The calculation results and discussion 
The temperature rise process of aerostatic spindle system is demonstrated in Figure 6. 
Figure 6(a) shows the temperature distribution of aerostatic spindle system when 
Tm=18000s. It can be seen that the temperature field of aerostatic spindle system is 
nonuniform. The maximum temperature of aerostatic spindle system reaches 33.6C, 
and the minimum temperature is 25.8C. Figure 6(b) presents the temperature curves 
of four points. The locations of these four points are marked in Figure 6(a). Point 1 and 
point 2 locate at the external surface of motor shell. Point 3 and point 4 locate at the 
external surfaces of two flanges. It can be seen that the temperature curves of these four 
points first increase sharply, and then their slopes decrease gradually. The temperatures 
of point 1 and point 2 are much higher than that of point 3 and point 4 due to point 1 
and point 2 are closer to the motor stator. 
 
Figure 6. Temperature rise process of aerostatic spindle system 
Figure 7 illustrates the deformation process of aerostatic spindle acquired by multi-
physics coupling model. Figure 7(a) shows the axial displacement of aerostatic spindle 
system when Tm=18000s. It can be seen that the displacement of each individual parts 
are not identical, and the maximum deformation of aerostatic spindle system occurs at 
the top of motor stator and motor shell which reaches about 36.6μm. Particularly, the 
slight displacement differences between the shaft, thrust plates and sleeve can result in 
the variation of air film thickness. To quantitatively analyze the structural deformation 
and air film thickness change, six points are marked are shown in Figure 7(a), and their 
axial displacements-time curves are compared in Figure 7(b). Point 5 and point 9 are 
located at the top and bottom of shaft, respectively. While, point 6 and point 8 are 
located at the top and bottom of sleeve, respectively. Point 7 is at the middle of shaft, 
and point 10 locate at the bottom of thrust plate. Thus, the deformation behavior of 
aerostatic spindle, thermal error of spindle, and thickness changes of upper and lower 
air film can be quantitatively analyzed based on their displacements. 
 
Figure 7. Deformation process of the aerostatic spindle system 
As shown in Figure 7(b), the displacements of each points show different behaviors. 
For point 5, point 6 and point 7, they move along the positive direction of Y axis. While, 
for point 8, point 9 and point 10, they move along the negative direction of Y axis. The 
displacement difference between point 5 and point 6 indicates the thickness change of 
upper air film, and the displacement difference between point 8 and point 9 indicates 
the thickness change of lower air film. It can be seen that the displacement of point 6 is 
larger than that of point 5, and the displacement of point 8 is larger than that of point 9. 
Hence, both the upper and lower air film thickness decrease gradually with the 
continuous deformation of aerostatic spindle system.  
The displacement curve of point 7 indicates that the axial position of shaft is also 
slightly moved during the deformation process. The axial position of shaft is determined 
by the balance between upper film force, lower film force and gravity of rotating parts. 
Hence, the axial position change of shaft can represent the change of gravitational 
eccentricity. During the temperature rising process, because of the continuous changing 
of structural deformation, the upper and lower air film forces are also time-varying 
during the temperature rise process, which consequentially changes the equilibrium 
position of shaft. Therefore, the axial position change of shaft is a combined result of 
the structural deformation, the change of air film forces and the balance between air 
film forces and gravity. Besides, the axial direction of spindle is the error sensitive 
direction in ultraprecision flycutting machining, so the displacement of point 10 
represents the axial thermal error of aerostatic spindle. It is mainly derived from the 
thermal expansion of shaft and thrust plate. 
 
Figure 8. Air film thickness when Tm=0s and Tm=18000s 
Figure 8 compares the air film thickness of upper and lower air bearings. Figure 8(a)-
(b) shows the thickness of upper and lower air films when Tm=0s. It can be seen that 
the air film thickness of upper and lower air films increase along the radial direction, 
and the maximum thickness of air film reaches 12.87μm. This phenomenon is mainly 
resulted from the elastic deformation of thrust plates induced by air film force. Besides, 
the maximum thickness of upper air film is 12.23μm, while the minimum thickness of 
lower air films is 12.63μm. It indicates that the thickness of lower air film is larger. The 
reason of this phenomenon is due to the gravity of rotating parts. To balance the gravity 
of rotating parts, the upper film is squeezed and the lower film is stretched. So the upper 
air film force is higher than lower air film force to balance the gravity of rotating parts. 
Thus, the thickness of upper air film is thinner than that of lower air film. The designed 
air film thickness is 12μm. So, the thickness of air film increase about 7.3% due to 
elastic deformation and gravity eccentricity. 
Figure 8(c)-(d) shows the thickness of upper and lower air films when Tm=18000s. The 
thickness of air films at this moment is a combined results of elastic deformation caused 
by air film forces, thermal deformation caused by the temperature rise and the gravity 
of rotating parts. Comparing with the thickness of upper and lower air films when Tm=0s, 
it can be seen that the thickness of upper and lower air films are declined slightly due 
to thermal deformation. As analyzed above, the displacement of point 6 is larger than 
that of point 5, and the displacement of point 8 is larger than that of point 9. Therefore, 
the change of air film thickness shown in Figure 8(c)-(d) is coincident with the 
discussion on the displacement curves of points 5~9. 
 Figure 9. Variation in the performance of the aerostatic bearings 
The change of air film thickness of air film will cause the change of air bearing 
performance. Figure 9 demonstrates the time-varying performance of air bearings 
during temperature rising process. The air film forces of upper and lower air films are 
compared in Figure 9(a). It shows that both the upper and lower air film force ascend 
slightly. It is because of that the air film force of air thrust bearing increase with the 
decline of air film thickness. As the average air film thickness of upper and lower air 
films decline due to thermal deformation, therefore their air film forces increase. 
Besides, the difference between upper and lower air film forces keeps constant, which 
is equal to the gravity of rotating parts. 
Figure 9(b) shows the axial stiffness of aerostatic spindle. It can be seen that the axial 
stiffness increases slightly due to thermal deformation. The reason of this phenomenon 
can be explained as following. Generally, for air thrust bearing, its stiffness first 
increase and then decline with the increase of air film thickness, and a peak stiffness 
can be acquired with certain air film thickness. Thus, in the design stage of air thrust 
bearing, the air film thickness is carefully calculated to achieve highest stiffness. For 
the air thrust bearings in this study, their optimal air film thickness is 12μm. Therefore, 
the axial stiffness of spindle decline slightly due to the decrease of air film thickness 
caused by thermal deformation. 
6. Experimental verification 
To verify the accuracy of proposed multi-physics coupling modelling method, the 
temperature variation of aerostatic spindle is measured in this section. The experimental 
setup is shown in Figure 10(a). The experimental apparatus consists of computer, 
temperature sensors and aerostatic spindle. The locations of temperature sensors are 
demonstrated in Figure 10(a). To eliminate the influence from room temperature 
changing, the test setup is placed in a temperature-controlled room. And before testing, 
the air spindle is placed in the temperature-controlled room for 24 hours with room 
temperature of 20C.  
 
Figure 10. Experiment setup and test results 
The experiments are carried out with air supply pressure at 0.5MPa, rotational speed of 
2000rpm, and room temperature of 20C. During the test process, the room 
temperature is monitored, and the fluctuation amplitude of room temperature is less 
than 0.2C. Figure 10(b) shows the measured temperature curves of each sensors. 
Comparing with the simulation results, it shows that the measured data agree well with 
the simulated results, which proves the reliability of simulation results. 
7. Conclusion 
This paper investigates the thermal behavior of an aerostatic spindle. A comprehensive 
multi-physics coupling modeling method is proposed, and the multi-physics coupling 
phenomenon of the aerostatic spindle system is investigated. Experiments are carried 
out to verify the simulation results. According to the simulation and experiments results, 
the major conclusions are drawn as follows: 
1. A comprehensive multi-physics coupling modeling method is proposed, by which 
the elastic deformation, thermal deformation and gravitational eccentricity of spindle 
can be taken into consideration to predict the thermal behavior of aerostatic spindle 
system. 
2. The maximum air film thickness increases 7.3% due to the elastic deformation 
induced by air film forces and the gravity of rotating parts.  
3. The uncoordinated deformations of shaft, thrust plates and sleeve caused by 
temperature rise could change the thickness of bearing clearance, and consequently 
change the air film force and stiffness of aerostatic bearing.  
4. During the temperature rise process, the axial position of shaft is slightly moved due 
to the balance between upper film force, lower film force and gravity of rotating parts 
is changed by thermal deformation. 
5. The temperature rise process is experimentally tested, which validates the accuracy 
of proposed model.  
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